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t h e m  u n d e r  t he  e lec t ron  microscope.  T he  obs e r va t i ons  
were real ized w i t h  a Ph i l ips  300 E M  9. 

Results and discussion. I n  t he  f ine sect ions  we obse rved  
the  b inuc l ea t e  cells sub jec t ed  to  t h e  ac t ion  of t he  3 ' A d R  
for 3, 5, 7 and  9 h (Figure  1). T he  presence  of 3 ' A d R  for 
2 h before  t h e  caffeine t r e a t m e n t  jus t i f ies  us in a s suming  
t h a t  t he  b i n u c l e a t e  cells p roduced  s u b s e q u e n t l y  h a v e  
gone t h r o u g h  the i r  a n a p h a s e  a n d  t e lophase  u n d e r  t he  
effect  of t h e  3 'AdR.  

The  nucle i  of these  cells show n u m e r o u s  lobu la t ions  
a t  t he  surface.  The  p renuc leo la r  m a t e r i a l  can  be  obse rved  
in  t he  i n t e r c h r o m a t i n i c  spaces  in  t h e  fo rm of smal l  
r o u n d  bodies  of v a r y i n g  sizes (Figure  2b a n d  c) a n d  of 
a rgyrophi l i c  n a t u r e  (Figure  2 a). These  p renuc leo la r  
bodies  a p p e a r  c o m p a c t  a n d  cons is t  of a p p a r e n t l y  f ibr i l lar  
mate r ia l ,  homogeneous ly  d i s t r i b u t e d  a n d  possess ing a n  
e lec t ron  dens i ty  s imi la r  to  t h a t  o f  t he  pars  f ib rosa  of a 
n o r m a l  nucleolus .  I n  t he  f i rs t  few hour s  of t h e  in te rphase ,  
t he  p renuc leo la r  bodies  genera l ly  do n o t  show a n y  
vacuoles  ins ide  t h e m ,  b u t  in  t he  course of t he  fol lowing 
hours ,  in  add i t i on  to  some smal l  bodies,  o the r  larger  
bodies  a p p e a r  w i t h  vacuoles  in  t h e m .  B o t h  t he  smal le r  
a n d  t he  larger  ones  genera l ly  show granules  400-500 
in  d i a m e t e r  on  t he  p e r i p h e r y  a n d  on  t he  inne r  surface  of 
t h e  vacuoles  (Figure  2g). I n  some of t he  p renuc leo la r  
bodies  observed,  t h e r e  is a smal l  ' cap '  of m a t e r i a l  t h a t  
appea r s  to  be  t r a b e c u l a r  in na tu re .  

W i t h  t h e  u r a n y l - E D T A - l e a d  m e t hod ,  w h i c h  is select ive 
for E N A  s t a in ing  7, t he  p renuc leoIa r  bodies  show up  in 
s t rong  con t ras t ,  whi le  t h e  c h r o m a t i n  r e m a i n s  u n s t a i n e d  
(Figure  2e). W i t h  t h i s  s t a in ing  t echn ique ,  t he  granules  as 
well  as t he  descr ibed ' caps '  a p p e a r  pos i t ive  (Figure  2f-g). 

W i t h  s i lver  impregna t i on ,  t he  p renuc leo la r  bodies  
s t a n d  ou t  c lear ly  in  t he  nuc leus  (Figure 2d), a p p e a r i n g  
homogeneous  in p o i n t  of s t a in ing  i n t e n s i t y  a n d  size of 
s l iver  grains,  wh ich  are genera l ly  smal le r  t h a n  those  seen 
in t he  res t  of the  nucleus.  

As morpholog ica l  e l emen t s  t yp i ca I  ~ of t e lophase  nuclei,  
t h e  p renuc leo la r  bodies  h a v e  a l r eady  been  s tud ied  in 
p rev ious  p a p e r s  1, ~, a n d  i t  is w o r t h  cal l ing a t t e n t i o n  to  
t h e i r  a rgyroph i l i a  ~0, n a n d  to  t h e i r  s t a in ing  a f f in i ty  w i t h  
u r any l -EDTA- lead~ ,  ~2. The  absence  of nuc leo la r  reor-  
gan iza t ion  in t he  te lophase ,  while  t h e  p renuc leo la r  bodies  
are sti l l  p r e sen t  u n d e r  t he  effect  of R N A  syn thes i s  inhi-  

b i tors ,  ha s  been  s tud ied  u n d e r  t h e  l igh t  microscope  1,~. 
Th i s  p a p e r  conf i rms  t he  resu l t s  p rev ious ly  ob ta ined ,  a n d  
t h e  s t a in ing  pecul ia r i t ies  of t he  p renuc leo la r  ma te r i a l .  
The  p h e n o m e n o n  of v a c u o l i z a t i o n  obse rved  in t h e  la rger  
p renuc leo la r  bodies  - p r o b a b l y  due  to t h e  coalescence of 
smal le r  bodies  - appea r s  to  be  s imi la r  to  t h a t  w h i c h  is 
found  in i n t e r p h a s e  nucleol i  t r e a t e d  w i t h  3 ' A d R  2. I n  
add i t i on  to  t h e  p renuc leo la r  m a t e r i a l  of f ibr i l la r  cha rac te r ,  
a n d  in close c o n n e x i o n  w i t h  it, we can  also observe  o the r  
u l t r a s t r u c t u r a l  e l emen t s :  t h e  smal l  caps  of a p p a r e n t l y  
t r a b e c u l a r  mate r ia l ,  s imi la r  to  t he  'coi led bodies '  ~3, a n d  
granu les  m e a s u r i n g  400-500 A in  d i a m e t e r  w h i c h  seem to 
r e semble  those  obse rved  in All ium cepa i n t e r p h a s e  
nucleol i  u n d e r  t he  ac t ion  of 3 ' A d R  ~4. 

Resumen. E1 es tudio  u l t r a e s t r u c t u r a l  de los cuerpos  
p renuc leo la res  en  c6iulas m e r i s t e m a t i c a s  de All ium cepa, 
en las que  se h a  i nh ib ido  la reorgan izac ion  del nucleolo  p o t  
accion del 3 'AdR,  r e v e l s  la  na tu ra l eza  f ibr i la r  de los 
mismos,  la ex i s tenc ia  sobre  ellos de g ranu los  de 400-500 

de d i s  asl como formaciones  a modo  de ~cap)) de 
m a t e r i a l  con aspec to  t r abecu la r .  Se obse rva  a lo largo del 
t r a t a m i e n t o  u n  f e n d m e n o  de vacuo lac i6n  s e m e j a n t e  al 
descr i to  en  nucleolos in te r fas icos  t r a t a d o s  con  3 'AdR.  
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Neural Differentiation in Aggregates  Containing 

One of t h e  m o s t  s t r ik ing  aspec ts  of neura l  d e v e l o p m e n t  
is t he  d i f f e r en t i a t i on  of severa l  t ypes  of neu r ons  wh ich  
associa te  t hemse lves  b y  means  of special ized junc t ions ,  
t h e  synapses .  Ve ry  l i t t t e  is k n o w n  a b o u t  t he  cell in te rac -  
t ions  r equ i red  for  t he  d e v e l o p m e n t  of t he  synap t i c  
j unc t ion .  The  g rea t  c o m p l e x i t y  of t he  e m b r y o n i c  neu ra l  
t u b e  m a k e s  i t  v e r y  di f f icul t  to  ana lyse  these  i n t e r ac t i ons  
in  vivo,  so t h a t  i t  is adv i sab le  to  use s impl i f ied  models .  
R e a g g r e g a t i o n  cul tures1,  2 w h i c h  h a v e  p r o v e d  to  be  
i m p o r t a n t  tools  for s t u d y i n g  cell in te rac t ions ,  h a v e  been  
used  to  s t u d y  va r ious  aspects  of neu ra l  d i f f e r en t i a t i on  *-9. 
Th i s  cu l tu re  t e c h n i q u e  is be ing  used in our  l a b o r a t o r y  to  
s t u d y  in t e r ac t i ons  b e t w een  d i f fe ren t  types  of neu ra l  cells 
or b e t w e e n  neu ra l  a n d  n o n - n e u r a l  cells w h e n  t h e y  become  
assoc ia ted  in ' c o m b i n e d '  aggregates .  Some of t he  u l t ra -  
s t r u c t u r a l  obse rva t i ons  r e p o r t e d  here  i nd i ca t e  t h a t  t h i s  
p rocedure  can  give v a l u a b l e  i n f o r m a t i o n  on  t h e  mecha-  
n i sms  w h i c h  regu la te  synapse  fo rmat ion .  

Opt ic  lobe (OL), t e l encepha lon  (T), neu ra l  r e t i n a  (NR) 
a n d  l imb  (LB) cells f rom 7-day-old  W h i t e  L e g h o r n  ch ick  
e m b r y o s  were used. These  t i ssues  were chosen  because  

Mixtures of Cell Types 

some of t h e m  (e.g.: n e u r a l  r e t i n a  and  opt ic  lobe) are 
k n o w n  to  i n t e r c o n n e c t  se lec t ively  d u r i n g  deve lopmen t .  
Before  dissociat ion,  OL a n d  T were freed f rom su r round -  
ing mesenchyme ,  a n d  N R  iso la ted  f rom p i g m e n t e d  re t ina .  
Dissoc ia t ion  was car r ied  ou t  as p rev ious ly  descr ibed  ~, 5 
fol lowing w i t h  some mod i f i ca t ions  t he  p rocedures  
deve loped  b y  MoscoNA 1 a n d  STEI~BER~ 2. Cell suspen-  
sions were a d j u s t e d  to  a f ina l  c o n c e n t r a t i o n  of 10-20 • 
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Fig. 1. Aggregate formed after 8 days in culture by optic lobe (OL) ceils. Several neuroblasts and numerous ceil processes can be seen. Post- 
fixation in potassium permanganate. • 8,800. 

Fig. 2. Same type of aggregate as in Figure 1, but postfixed in osmium tetroxide. 'Axon-like' processes (a) contain microtubules and mito- 
chondria, 'dendrite-like' processes (d) contain ribosomes as well. • 20,000. 

Fig. 3. Detail of a cell process belonging to the same material as in Figure 1. A cluster of clear vesicles of 400-600 A can be seen within the 
process. • 32,000. 

l0 s cells/ml in cul ture  m e d i u m  (medium 199 supplemen-  
t ed  wi th  10% chicken serum and 10% 9-day-old chick 
embryo  extract ) .  In  t he  'pure '  cultures,  3 ml  alicluots of 
one of the  cell suspensions  were placed in 25 ml  Er len-  
meye r  flasks sealed wi th  rubbe r  s toppers .  In  the  ' combin-  
ed '  cultures,  1.5 ml  a l iquots  of two  of the  cell suspensions  
were mixed  before cul turing.  The flasks were placed in a 
wa te r  b a t h  a t  37~ wi th  gy ra to ry  ag i ta t ion  at  90 rpm.  
The cul ture  m e d i u m  was changed  twice weekly.  Af ter  8 
days  in culture,  the  resul t ing aggregates  were f ixed for 1 h 
in the  cold wi th  a m ix tu r e  of equal  vo lumes  of cul ture  
m e d i u m  and  5% g lu ta ra ldehyde  in 0.1 M cacodyla te  
buffer,  p H  7.4, followed by  a brief  wash ing  in t he  same 
buffer.  They  were  fu r the r  processed for 1 h w i th  e i ther  
1% osmium t e t rox ide  in 0.1 M cacodyla te  buffer,  or 0.8% 
po tas s ium p e r m a n g a n a t e  in the  same buffer,  d e h y d r a t e d  
in ace tone  and  e m b e d d e d  in E p o n  812. 

'Pure' aggregates. After  8 days  in culture,  OL aggregates  
show m a n y  neuroblas t s  (Figure 1). The cell somas  have  a 

lobula ted  nucleus, and  the i r  cy top lasm is r ich in r ibosomes.  
Numerous  cell processes (Figure 1), of 2 t ypes  (Figure 2), 
are observed.  'Axon-l ike '  processes con ta in  mi tochondr i a  
and  longi tudinal ly  or iented microtubules ,  whereas  'den-  
dr i te- l ike '  processes conta in  r ibosomes as well. Some 
processes show bulbous  expans ions  conta in ing  ve3icles 
of d i f ferent  sizes, resembl ing  the  ' axon-g rowth  cones '  
descr ibed in neural  cul tures  10. This  f inding suggests  t h a t  
a t  least  some of the  processes are fo rmed dur ing culturing.  
Cell processes are f r equen t ly  seen in con tac t  w i th  o ther  
cell processes or w i th  cell somas.  At  the  con tac t  areas, 
junc t iona l  s t ruc tures  of the  zonula adhae ren tes  type ,  
fo rmed by  th ickenings  of ad j acen t  p l a sma  m e m b r a n e s  
separa ted  by  a 100-200 A gap, can  be seen. Al though  
synap t i c  m e m b r a n e  special izat ions are no t  observed,  a 
few processes  conta in  clusters  of small  (400-600 A) clear 

10 M. B. BI~NGE, J. Cell Biol. 56, 713 (1973). 

Fig. 4. Low power light micrograph of an aggregate formed by a mixture of optic lobe and limb bud ceil suspensions (OL+LB) after 8 days 
in culture. Limb bud cells form a central core surrounded by elongated cells, whereas optic lobe cells form clusters (arrows) adherent to the 
latter. 1 p.m Epon section, toluidine blue stained. 

Fig. 5. Electron mierograph of the neural portion of the same aggregate as in Figure 4. Two cell processes appear forming a 'synaptic-like' 
structure. Note the numerous clear vesicles (arrows). The plasma membranes of both processes show a higher electron density at the junctional 
zone. Osmium tetroxide postfixation. • 30,000. 

Fig. 6. Same material as in Figure 5. Another cell process shows many large vesicles with a dense central core. • 30,000. 
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vesicles (Figure 3), r e sembl ing  t h e  synap t i c  vesicles of 
m a t u r e  synapses~L These  vesicles seem to be  bes t  
p re se rved  in m a t e r i a l  pos t f ixed  w i t h  p o t a s s i u m  p e r m a n -  
ganate .  I n  some cases, i sola ted vesicles of 1000-1400 A in 
d iameter ,  w i t h  a cen t r a l  dense  core, can  be  seen a long 
cell processes or in cell somas.  

Neu rob l a s t s  found  in aggrega tes  fo rmed  b y  T or N R  
cells h a v e  t he  same  morpho log ica l  charac ter i s t ics ,  al- 
t h o u g h  t he  l a t t e r  show a pecu l ia r  spa t i a l  o rgan iza t i on  
wh ich  has  been  descr ibed b y  SI~EFFI~LD a n d  1VIoscoNA s. 
Besides occasional  c lus ters  of synap t i c - l ike  vesicles, no  
o the r  s y n a p t i c  e l emen t s  could be  obse rved  in t h e i r  
processes.  

'Combined' aggregates. ' C o m b i n e d '  O L + N R  and  O L + T  
aggrega tes  do n o t  show a n y  s t r i k ing  u l t r a s t r u c t u r a l  
differences w h e n  c o m p a r e d  w i t h  ' pu re '  OL, N R  or T ones. 
A l t h o u g h  b o t h  t ypes  of ' c o m b i n e d '  cu l tu res  a p p a r e n t l y  
h a v e  a g rea te r  n u m b e r  of cell processes,  morpho log ica l  
synap t i c  d i f f e r en t i a t i on  seems to be  a t  t he  same s tage as 
in ' pure '  aggregates .  ADLER a n d  TEITELMAN 1~ observed  
t h a t ,  a f te r  8 days  in c u l t u r e ,  t he  a c t i v i t y  of t he  enzyme  
cho l ine-ace ty l t rans fe rase ,  wh ich  is respons ib le  for t he  
syn thes i s  of ace ty lchol ine ,  is h igher  in  ' c o m b i n e d '  O L +  
N R  aggrega tes  t h a n  in ' pu re '  OL or N R  ones. I t  could  
seem surpr i s ing  t h a t  no dif ference in synapse  f o r m a t i o n  
is found  w h e n  t h e  u l t r a s t r u c t u r e  of t he  same aggregates  
is compared .  On t he  basis  t h a t  b iochemica l  and  s t r u c t u r a l  
aspec ts  of d i f f e r en t i a t i on  m u s t  no t  necessar i ly  be  
synch ron ica l  (see also ref.~a), we are now s t u d y i n g  t he  
same t y p e  of aggregates  k e p t  in  cu l tu re  for longer  
periods.  

I n  O L + L B  ' c o m b i n e d '  aggregates ,  b o t h  t ypes  of ceils 
show a pecul ia r  so r t ing -ou t  b e h a v i o r  (Figure 4). Af te r  8 
days  in  cul ture ,  LIB cells fo rm a cen t r a l  core of s te l la ted  
ceils i m m e r s e d  in a n  a m o r p h o u s  ex t race l lu la r  s u b s t a n c e  
and  s u r r o u n d e d  b y  a shell  of e longa ted  cells. OL cells 
a p p e a r  fo rming  clusters  a d h e r e n t  to  th i s  ou te r  shell. This  
t e n d e n c y  of r e c o n s t r u c t e d  neu ra l  t i s sue  to  cover  on ly  
pa r t i a l l y  o the r  t i ssues  in  ' c o m b i n e d '  cu l tu res  ha s  been  
descr ibed b y  S ~ I ~ E I ~  t*. I n  t he  neu ra l  region of these  
O L + L B  aggregates ,  t he re  seems to be  a g rea te r  
n u m b e r  of cell processes  and,  moreover ,  synapse  fo rma-  
t i on  seems to be  more  a d v a n c e d  t h a n  in ' pu re '  OL 
aggregates .  M a n y  cell processes  show clusters  of synap t i c -  
l ike vesicles of t he  clear t y p e  a n d / o r  larger  vesicles (800-  
1500 A) c o n t a i n i n g  a c en t r a l  dense  core. I n  these  ' com-  
b i n e d '  aggregates ,  t he  c lus ters  of vesicles o f ten  a p p e a r  
associa ted  w i t h  m e m b r a n e  specia l iza t ions  which  suggest  
t he  ex is tence  of a s y n a p t i c  complex  (Figures 5 and  6). 

O t h e r  au tho r s  h a v e  shown  t h a t  e m b r y o n i c  neura l  
cells in  r eaggrega t ion  cu l tu res  are able  to  a t t a i n  f u n c t i o n a l  
synapse  d i f f e ren t i a t ion  ~. The  l e n g t h  of t i m e  requ i red  for 
t he  a p p e a r a n c e  of synap t i c  s t ruc tu re s  in v i t ro  depends  
on  t he  age a n d  t y p e  of donor  t issuea,  S,~,l~-~L Seven-  

day-o ld  opt ic  lobe cells, which  a t  th i s  age h a v e  no t  fo rmed  
s y n a p t i c  s t r u c t u r e  in v ivo  ~*, are able  to  form synapse -  
l ike s t ruc tu re s  a f te r  on ly  8 days  in cu l tu re  in  c o m b i n a t i o n  
w i t h  l i m b  b u d  cells, a l t h o u g h  t h e y  fai l  to  do so in  ' pu re '  
cul tures ,  or in  c o m b i n a t i o n  w h i t  t e l encepha lon  or neu ra l  
r e t i n a  cells. L i m b  b u d  cells, therefore ,  seem to p rov ide  
some fac to r  w h i c h  s t i m u l a t e s  synapse  f o r m a t i o n  b y  
op t ic  lobe ceils ~9, s0. 

Resumen. Se descr ibe  la d i fe renc iac i6n  u l t r a e s t r u c t u r a l  
a l canzada  en  cul t ivos  de reagregac idn  por  c61ulas neura les  
e m b r i o n a r i a s  despues  de 8 dins in  v i t ro .  Se e s t u d i a r o n  
agregados  <~puros~ fo rmados  por  c61ulas de ldbulo 6pt ico,  
r e t i n a  neu ra i  o telenc6falo,  y cu l t ivos  , c o m b i n a d o s ~  de 
ldbulo 6pt ico + r e t i n a  n e u r a l  (OL + NR),  16bulo 6pt ico  + 
te lenc6falo (OL + T), y ldbulo 6pt ico  q- esbozo de 
m i e m b r o  (OL + LB).  E n  los cul t ivos  <~puros~ las c61ulas 
poseen  ca rac te r l s t i cas  de neurob las tos ,  pero  el proceso 
de s inap tog6nes i s  estA poco desarrol lado.  No se e n c u e n t r a n  
di ferencias  s ign i f ica t ivas  en t re  la d i fe renc iac idn  a l c a n z a d a  
p o t  los cu l t ivos  <~puros~> y los <~combinados~ OL + N R  
y OL + T. Po r  el con t ra r io ,  en  los (~combinados~> OL + 
L B  Ia s inap tog6nes i s  est~ m u c h o  m~s a v a n z a d a  y se 
e n c u e n t r a n  p ro longac iones  s inApticas s e m e j a n t e s  a l a s  
del adul to .  
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The Allergenic Cross-Reactivity of Antisera made 
of a Homopolymer,  Dextran 

D e x t r a n ,  a h 0 m o p o l y m e r  cons i s t ing  of 96% ~-1,6 
l inked  glucose un i t s  can  be  o b t a i n e d  in f rac t ions  r a n g i n g  
in molecu la r  we igh t  f rom 1400 to  1.9 • 10 ~1. T he  homo-  
p o l y m e r  m a y  exis t  in  p re fe r red  conf igura t ionsK Studies  
u t i l iz ing th i s  h o m o p o l y m e r  h a v e  d e m o n s t r a t e d  t h a t  t h e  
va l ency  of an t i body ,  b o t h  of t he  I gG  a n d  IgM class, v a r y  
w i t h  t h e  size of t he  d e x t r a n K  B i v a l e n t  h a p t e n s  can  
elici t  t h e  pass ive  c u t a n e o u s  a n a p h y l a x i s  r eac t ion  a n d  
p rec ip i t a t e  w i t h  a n t i b o d y  whereas  u n i v a l e n t  h a p t e n s  
canno t .  RICHTER~ has  shown  t h a t  a pass ive  a n a p h y l a c t i c  

Against Different Molecular Weights 

reaction (PCA) can occur  if the antiserum is of sufficient 
strength and with dextran homopolymers of molecular 
weight as low as 3600. This study was undertaken to 
determine the degree of cross-reactivity between antibody 
made against various sized dextran fractions and to 
determine the lower limit molecular weight which will 
elici te a n  allergic reac t ion .  

Materials and methods. New Zea land  wh i t e  r a b b i t s  were  
i m m u n i z e d  w i t h  d e x t r a n  molecu la r  we igh t  f r ac t ions  
1400, 2950, 4875, 10,000, 110,000 a n d  1.9 • 10 ~ coupled  to  


